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ABSTRACT 
Tfit nobd to develop a Hazard RanLing Scoring (HRS) mtthodology was created the 

discovery of buried mustard gas at the Ratitan Arstnal, a Formerly Used Definse Site (FUDS) 

in New Jersey. The US. Army Chemical Materiel Destruction Agency (USACMDA) was 

formed to address the problem. Onc of its major objectives is to prioritkc 200 potential sites that 

arc possibly cxmtmum * ed by Chemical Surcty Materials (CSMs). 

An in-depth site charac taon  is nquired to M d e  high quality input data for the 

ranking pemxss. A detailed site history is of utmost importruKx to initially achieve the system’s 

objective. This is particularly necessary for these sites m s c  of the wide spectnun of hazards 
associated with CISMS. 

A HRS protom1 is presented in thc context of hvcstigation and restoration activities, that 

utilizes health risk collccp~ as the overall unifying mechanism. It is limited to one major 

Irctivity, it., restoration of the mil medium d potential CSM sites. A distinction is made 
befwem arafety hazards and health risks based on the basic philosophits of safkty profcssianals 

and risk assessors. Inctudbd in the presentation is 8 customized and detailed analysis of the 
c a m p -  of the major ~xposun pathway, a decision matfix to assist in ClassiQiug these des, 

and a gcncrhd  * and allempassing scoring procedure for prioritization. Conclusions art 
&rived from this initial effort to p v i d e  some guidance for kture endeavors in this field. 
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The need to develop a ranking system was created by the discovery of mustard gas, a 

chemical surety material (CSM), during the restoration of the deactivated Raritan Arsenal in New 

Jersey. To further complicate matters the CSM was also found in adjacent areas, which had 

already reverted to public use. This event triggered a congressman's letter to the President (1). 

A program by the Department of Defense (DoD) to address the situation is rapidly developing 

in the newly formed U.S. Anny Chemical Materiel Destruction Agency (USACMDA). It's 

mission is to oversee and operate the chemical demilitarization program. To accomplish that 

mission, USACMDA will develop overall programmatic plans and prioritize the effort to clean 

the e s t i m d  200 formerly used defense sites (FUDS) that are suspected of chemical weapons 

( C W )  material contamination (2). In addition to CSMs, the sites may also contain unexploded 

ordnance (UXO), and hazardous and toxic wastes (€€IW) (2). 
Prioritization needs are similar to those experienced by the U.S. Environmental Protection 

Agency ( U S  EPA) in startup of their regulatory programs authorized by the Comprehensive 

Environmental Response, Compensation and Liability Act (CERCLA) also horn  as 

"Superfund," and the Resource, Conservation and Recovery Act (RCRA). CERCLA had already 

developed a second generation Hazard Ranking System (HRS) for uncontrolled hazardous 

substances reJease as Appendix A of the statutes' regulations entifled the National Oil and 

Hazardous Substances Contingency Plan (NCP) (3). For the RCRA program, internal guidelines 

are used to systematically implement enforcement of this statute. This presentation uses the 

CFiRCLA HRS as a guide to a "first pass" effort at developing a ranking system for the Defense 

Environmental Restoration Program (DEW). 

This paper considers a mixed materials site with CSMs, UXO, and HTW. A HRS 
protocol to address the ranking requirement is described in the followhg presentation, in the 

context of investigation and restoration activities. It utilizes health risk concepts as an overall 

q i n g  mechanism. It is not the objective of this presentation to provide a fully developed 

procedure for ranking the 200 sites, but to raise issues that must be addressed by any ranking 
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effort, and to present some possible development approaches. It is limited to one major activity, 

i.e., restoration of the soil medium at possible v x o / c s ~  sites. 

An important distinction based on philosophies practiced by safety professionals and risk 

assessors is msde between safcty hazards and health risks. A risk msessor will presume that an 

unlikely events, e.g., detonation or violent chemical r e d o n  with a subsequent fire will occur 
with some probability. The safety professional’s goal is to reduce that probability to zero by 

implemaaing protective measuns. Emphasis of this of this presentation is generally placed on 

health risk issues. However, it is recognized that the most Critical elements of a hazard ranking 

system must &dress s 6 t y  am-. Therefore, it is presumed that safety hazards can be 

elunsaatad or amtroUed by the use of remote apcrating procecturcs, and specially constructed 

enclosurts designed to contain releases of CSM in the event of a UXO detonation. 

. .  

A dctaikd site history is of utmost importance for initially achieving the objective of any 

ranking system. “he results of the ranking can be no better than the availability and accuracy 

of needed data that are qualitatively or quantitativezy d as input to the system. 

Behavior of the diEciirent classes rrfhazardous rnakrials; ie., UXO, CSM, and HTW, arc 
very dependent on w h e k  a detonation and/or violent rcaaion with subsoqucnt fires occurs. The 
potential for a catastrophic event is totally dependent on: (a) containerization of the CSMs; (b) 

fuzing, arming and physical condition of UXO, and; (c) chanical nature of the major constituents 

relatad to violent c e c a l  reactions and fires. 
Barring detonations, violcnt chemical reactions and fires; en+nmental fate and transport 

of the toxic chemicals (all three categories are chemicals) may be the most signScant aspect of 

the Site. MgnUion potmthl is dependent on their chemical, biological and physical nature . 
Future ust of the site will have a bearing cm the level of sort needed to restore the site. 

Patentiat receptors are defined as both onsite and offsite persons that could be exposed 

to bazsrds posed by the site. Their location as a potential exposure location, n u m b ,  
&emogrtlphics and distribution will have decisive effect on public sensitivity and political 

Viribility. 
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The presentation is structured to detail the Unique characteristics of a UXO/CSM/HTW 
site; comprehensively consider the components of an exposure pathway using risk assessment 

concepts; lists suggested scoring factors; and describes a "first-pass" hazard ranking system. 

SITE CHA RACTERIZA TION 
A listing of the elements of a site characterization in the context of a restoration activity, 

namely excavation and removal of soil contaminated with UXO, CSMs and HTWs is illustrated 

in Figure 1. There may be other aspects of the site that are specific to any one case. 

Consequently, it is not all inclusive. It is essentially equal to the level of effort used to 

characterize a CERCLA site, and is required in the RCRA permitting and corrective action 

Programs. 
Data generated by the site characterization effort are the basic input of 

the HRS. For the purposes of this presentation, the site characterization includes: (1) a site 

records review and survey by interviewing knowledgeable people to generate a history of the 

facility's activities &om its inception to closure; (2) past investigation repoas and future 

investigations containing information regarding the possible presence of CSMs, UXO, and HTWs 

that include waste characterization and chemical constituent identification; (3) physical, 

climatological and geological characterization of the site; (4) a potential receptor analysis, (5) 

future land use; and (6) regulatory history and an evaluation of the socisal-political factors 

defining public sensitivity to the site. 

All of these components are presented in the context of potential exposure to hazardous 

and toxic materials from possible dispersion of CSMs from accidental detonation of UXO, violent 

chemical reactions and fires, and environmental transport of toxic constituents offsite. 

The most important element of the site characterization is the site records review and 

survey since the possible entities may range from discarded CSM kits (most likely-with the CW 
agent dispersed to the environment 40 to 50 years ago) to buried containers (containing acutely 

toxic material) that are st i l l  intact. 
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Tht reccptor analysis will provide insight into the public sensitivity of the location, and 

futurt land use will allow estimation of restoration costs and public pressures. The site setting, 

ie., matesial attributes and extent of Cantamination arc factors that assist in developing a 

restoration plan. Quality of the iufomation generated from the site characterization will 

significantly afftct the qality of the scoring of that particular site. 

EXPOSURE PATHWAY COMPOff€N7?S 
UXdXWWhg * of two simple risk assessment concqts arc netdtd to follow the reasoning 

cmbcddcdinthtprocedurr:dcscnbtd * in this pqxx (a) therc is no risk if either of two elements 

8ft &sing, it., q s a r e  and btrzatd, (b) a complete pathway is rcquirod for an exposure to 

OCCUT. Figure 2 illustrates these concept in graphid form. 

Hancnts included m an exposure pathway (in risk assessment terms) include: (1) a toxic 
agent (UXO, CSM or I-KW); (2) a mechanrsam - that releases tht toxic constituent, i.c., detonation, 

violcnt cdlemld * reaction, soil disturbance with release of particulates, mists or vapors, natural 

maparation of a volatile consmu . cnt; (3) transport path through an cm4rmmenta.l medium; and 

(4) a human and/or environmental receptor. P i  3 shows the components of the exposure 

pathway and some aspects of each in specific aspects of a UXO/CSM/HTW situation. 

G a d y ,  the safety professional will try to reduce the risk to zero by making ccrtain that 

a complete pathway is not pnsent. Safety clothing, protective equipment, adherence to proven 

standard operat& procaduns, and pdormance of hazardous opemiom using remote methods 

are the tools of his trade. The risk assessor will postulate a complete pathway and attempt to 

quantitatt is probability or qualitatively determine the potential for each of the exposure pathway 

mponusrs to exist at that particular site. 

A coglbination of all three hazardous material classes present an extremely compltx 

situation. This is due to: (1) the wide range of possl'blt injuries and the toxicological extremts 

exhibited by the diffarcnt material classes; (2) radically =sent levels of c~rposurt contingcnt 

upon unccmtrokd detonation, violent chemical reactions and/or fires; and (3) because most CSMS 

are not persistent in the environment, a dependency on extglt and nature of the containerization. 

450 



Consequently, the release mechanism is a more critical factor in scoring a UXO/CSM/HlW site, 

and contrary to a Superfund site HRS evaluation where health risks associated with long-term 

exposure are the main concern. The potential for accidental release with rapid and extensive 

dispersion of the toxic constituents is the overwhelming concern for a combined UXO/CSM/HTW 

site. 

The major transport pathway in this context is particulate dispersion to ambient air during 

soil excavation. Releases can be radically altered by a detonation or violent reaction from mixing 

of incompatible chemical constituents. The nature of the CSM may be such that concern for 

potable water sources may be a factor. Table 1 adapted from the United Nations report on the 

efficacy of chemical warfare (4) provides water solubility, volatility and hazard duration for 

various CSMs. It provides m e  comparative data that is useful for the evaluation of the 

migration-potential of these materids. 

Proximity of human mtptors is an important factor in characterizing the potential impacts 

of releases of hazardous constituents. The major exposure mode is inhalation of the dispersed 
air particulates, as dermal absorption may not be significant depending on the time h e  

( d c i e n t  time for the UXO/CSM/€ITW to break down to non-toxic constituents). 

An understanding of the exposure pathway components and the critical factors that affect 

exposure is used to develop the decision matrix described in the next section. 

SUGGESTED HAZARD RANKING SYSTEM FACTORS 
As a first try at developing a HRS for UXO/CSM/H”W sites, it was immediately apparent 

that some sort of decision matrix would be required. This was necessitated by the complexity 

of the toxicity and exposure scenarios. Figure 4 shows an embryonic decision flow diagram with 

the various paths taken depending on many decisions reached during execution of the HRS. 

An early recognition of the objective of the HRS is needed to perform it cost-effective 

evaluation. Main objectives of any HRS are to prioritize funding, rank sites by the level of 

hazard, address the sites by the level of public sensitivity, and finally by feasibility of restoration. 

The most likely basis for ranking will be the potential hazards and risks posed by the site. 
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However, if then is no distinct dclincation W e e n  sites on this basis, funding may be a factor. 

An overriding factor may be institutional constraints. If rtstoration is totally constri~ln * ed by 

wio-politid concern making it unfeasible, then a review of options may be required. 

The initial scoring procadure entails selecting viable exposure pathways and evaluating 

those pathways using three parameters: (a) release potential; @) toxicity/hazard characttn'stics; 

and (c) target receptors. W arc the same aspects used to rank Superfund sites for the National 
Priority List (NPL). Various numerical scofes 8fe dcvcloptd for each of the thrce aspects similar 
to the pmc- dtscnbed in thc NCP (3). Relative weighting factors arc applied to the 

rmmcfical SccJrcs. 

In addiaion, a fburth scoring parametex, labclad "institutional constraints" is applied. Its 
numerical value ranges from zcro for a restoration that is totally cumtnmd - (the site cannot be 
rcstmd dnt to rcguWmy or public COL~<XII~S) to 100 if than are no amstnun - ts. Au four scoring 

psramctcrs ( t he  weighted using c;fwcLA methods, and cglc with a weighting factor of 1) ~IE 

multipM This pI'odnct is then dividcdby a Scazing f m  to normalize to a top smm of 100. 
Indris mama, sites can be ranked in acamhcc with tfie need for addtcssing btt 

pstsGwxcrfthchazardousandtoxicmateridl. Figure3prcscgltsposslhlaasptctsthatqualitatively 

characterize nleasc potential, numerical hazdhoxicity parameters, and target nccpor qualities 
that allow evaluation. "he list is not all-inclusive. 

ELEMEMS OF W E  HAZARD RANKING SYSTEM 
The proposad H R S  is divided into the four major camponcnts: (1) likelihood of releases; 

(2) hazard - . 'on, which is further subdivided into sdety and toxicity factors because 

they are radically (3) human and enVirannM receptors; and (4) institutional 
constraints. Sat €7- 4A to 4C for a graphical 'on of these elements. 

LIKELIHOOD OF RELEASE 1LRl 
Thcre is some potential for releast of air particulates, and/or vapors and mists during the 

excavation and removal of contaminated soil containing UXO/CSMs/HTWs. Important factors 
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affgcting the nature and release of air particulates during excavation and removal (restoration) 

are: 

0 Containerization status of the various classes of materials: 

UXO: CSM contained in UXO, or another container in close proximity to UXO, 
UXO condition (fuzed, unfuzed/unarmd, fuzed/armed) and state of 
deterioration of container. other toxic materials. 

CSMs: In buried drums. 

HTWs: buried drums or other containers. 

a Soil disturbance with wind mobilization, wind erosion 

a Transport in ambient air dependent on wind and atmospheric stability. 

a Particulate settling dependent on aerosol characteristics of the particles, wind, and 
atmospheric stability. 

a Intensity of physical displacement during excavation. 

a Chemical and physical properties affecting soil adsorption, biodegradation, 
leaching. 

a Ability of any specially constructed containment design to contain an accidental 
release. 

Release of vapors and mists during excavation and removal of affected soil and its 

contents are affected by: 

a Containerization of volatile constituents in shells, dnuns. 

a Enhand emission due to soil disturbance, opening of soil pore vapors to ambient 
air. 

a Diffusion and dispersion rate are dependent on wind and atmospheric stability. 

a Environmental degradation processes in ambient air, e.g., photolysis. 
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chanical and physical pmpcaics of the hazardodtoxic constituents that affect: 
soil absorption, leaching. 

From the above listing it is evident that migmtim-potcntial play an important role in the 

likdhaod and criticality of the release. Volatility, particle size, pcrsistencc in soil, photolysis, 

ambient air mixing basad on metamlogy arc some of the charactcristcs that determine the 

nature and extent of the rcleasc. As previously stated, the most dominant factor is the type and 
. . .  completentss of the on. 

HAz4RD flOXlCITM CHARACTERlZfITlON (HTC4 

As- * in this "fjxst4ort" HRS, hazards and toxicity arc considered 

SeParatcY. -=- in tht - con- and considend to bt safety oriented. 

Toxicity is cbaractenzad * in terns of acute and su-c taxicity for the mite restoration 

personnel 4 workas at a partially active installation. 

safety Hazards 
With r c g d  to safety issues, tht type of release mechanism is the most critical item. 

InitMan of the UXO € h e  on tht UXO with subsaqucnt dctonatian causing fires and possible 

violalt chrmical leactmm - , is the most dominant scoring factor for a UXO/CSM/H?w site. This 

aspect may o v u w e  the scoring, just as large potentially exposed population located near a 
SuperfandSitC daminatc the NPL llmkhgs. It may be more pzxctid to includt sitw ass* 

with CEIIltLLiflcfiZod CSMs and suspect FUDS with UXO containing CSMs into a separate 

category. It is atso possible that drtn rn no sites of this type in the 200 FODS being 
amsided by USACMDA. Actual existence of the "worst case" postulation must be establish6d. 

Chit€ saftty c o ~ ~ x m s  include: injuridWties due to hte and/or violent chemical 

shtll with rapid disptrsion hefbrc 

wamings rtnd/or evscuatians can be cffcctive. This is the worst- situation. Products of 
combustion may be mon or less toxic with the remote possibility that "imminently dangerous 

. I  ~ ~ d U ~ t o ~  detanation of a CsM-cOntarrung 

tolife andhealth" (IDLH') conditions may A. Fuze type andthe spccific char- - 'csofthe 
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UXO is a consideration regarding hazards faced by restoration personnel. General safety hazards 

that are enhanced by site characteristics would also be considered in arriving at a €ITC score. 

Toxicity Considerations 

Toxicity of the chemical constituents in all of the hazardous materials categories are 

considered in relation to onsite workers and the general public. For the onsite workers; acute and 

subchronic toxicity, and the pattern of contamination are a concern. Limited exposure is 

expected in the short-term time frame. Chronic toxicity and carcinogenicity are pertinent for the 

general public. Li6etime exposure at an offsite location where the toxic constituents may migrate 

is the major issue. Presence of sensitive populations has some influence on the scoring in this 
classification. There may be other aspects of the health hazards to consider. A intensive effort 

to develop a more detailed HRS after the sites have been characterized is needed to pinpoint 

other factors requiring consideration. 

HUMAN AND ENVIRONMENTAL TARGET RECEPTORS 

Target receptors are divided into the risk assessment categories of onsite and offsite 

groups. The onsite group includes restoration personnel, onsite workers, visitors and trespassers. 

Terrestrial and aquatic flora and fauna are also considered in the onsite context. This was the 

case for the restoration of the Weldon Spring Ordinance Site in Missouri because it had become 

a wildlife refuge after deactivation. Offsite receptors encompass the general population and 

offsite flora and fauna. 

Aspects to consider within this context include spatial distribution of the offsite population 

into upwind and downwind categories to determine the most exposed individual 0; and to 

also characterize the population, i.e., the most sensitive segment (aged and children). 

Terresbial fauna and flora and the general ecology are considered in the development of 

TR scores. 
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INSTITUTIONAL CONSTRAINTS 

Institutional constraints may preclude the restoration of a FUDS if public sensitivity is 

intense, regulatory compliance cannot be met, and socio-political issues make it totally unfeasible 

to procxed. However, this may be an extreme scenario. Thm are regulatory and political 

constrrlints on some restoration technologies. The furor agarding the siting of a CSM-incinerator 
near Louisville is an example of this situation. National security issues may overri& all 
constdnts. However, this is also an extreme situation at the apposite end of the spectmm of 
restoration choices. Future use of the site may place a limit on the restoration choices available. 

AU of these items will have a significant effect on the ncstoration costs. 

PRELIMINARY CONCbUSlONS 
Some pnliminary conclusions  cat^ be dram from initial dtvclapment of a HRS for 

UXODhyrrrw sites. Thcse are: 

0 It is tsstntial to mount an in-depth e&srt to develop a site history that will 
maximize the god of costeffective a l l d o n  of restoration funds. 

0 Containerization character is the most dominant factor for determination of the 
hazardous (safety-related) character of the FUDS. 

The site characmization &ort should be useful in implementing a p r e m  
priorithaion of the mTDs sites. 

a Minimization and elimination of safety hazards are the most critical objective of 

stcondary impomce in tile HRS scoring procedun. 

the HRS. Main ittiention should be on sites expected to preseat potential fix 
n l e a ~ e ~ .  Health W~YQ both short- and low-tem of 

0 Institutional coflstfaints may mder my restoration effort as being nnfcasiblt. 

0 Public sensitivity may overwhelm the scoring proccss, thus changing the ranking 
of some sites. These sites may require prompt restoration activities, regdess of 
their technical and scientific aspects. 
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0 It is necessary to develop a decision-matrix that identifies major goals of the HRS, 
provides site-specific guidance for the structure of the scoring system, and 
addresses socio-political issues. 

0 Any HRS developed for UXO/CSM/€€TW sites will be significantly different than 
the CERCLA Hazard Ranking Scoring. 

The ideas and guidance generated by development of this initial HRS should be beneficial 

in starting an in-depth study that will result in a cost-effective, health-protective, and safe 

program that addresses the problem of UXO/CSM/HTW mJDS in the United States. 
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TABLE 1. SOME PROPERTIES OF SELECTED CHEMICAL WARFARE AGENTS 
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incapaclhtlon) 

approx. 15 I~llroalmin) 



SITE CHARACTER I2 AT ION 

HISTORY INVESTIGATIONS 

ACTIVITIES SETTING 

MATERIAL ATTRIBUTES ENVIRONMENTAL MEDIA 

RECEPTOR CHARACTER & DISTRIBUTION 

FUTURE LAND USE 

s .  

ACTIVITY 
S o i l  L HBZ/TOX Waste 
EXCaV8tIOn & RWnOVa) 

UXO C W  HTW ooo 

E - EXPLOSIONS HTW = HAZARDOUS L TOXXC WASTE 

CSY = CHEMICAL SURETY NATERXALS R = REACTION (CHEMICAL) 

UXO = UNEXPLODED ORDNANCE F - FIRES 

FIGURE 1. ELEMENTS OF THE SITE CHARACTERIZATION 
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HEALTH RISK DEFIN IT ION 

RISK = HAZARD * EXPOSURE 

WANT.  R ISK = TOXICITY * DOSE 

............................. 
EXPOSURE REQUIRES A COMPLETED 

EXPOSURE PATHWAY 

H ‘i HAZARDOUS THERE I S  NO 
HEALTH RISK! CONSTITUENT? 

C 

0 

M 

P 
L 
E 

T 

E 

E 

X 

P 
0 

S 

U 

R 

E 

P 
A 

T 

H - 
FIGURE 2. 

RELEASE MECHANISM 

EXPOSURE PATHWAY 
I S  NOT COMPLETE. 
NO HEALTH RISK 

TRANSPORT PATHWAY 

EXPOSURE PATHWAY 
IS NOT COMPLETE. 
NO HEALTH RISK 

HUMAN RECEPTOR 

NO HEALTH RISK 

THERE IS A POTENTIAL HEALTH RISK - - - - - - - - - - - - - - - -  
RISK ASSESSMENT 
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WPONENTS OF THE EXPOSURE PATHWAY 
(RELEASE YECHANISY: SOIL EXCAVATION) 
(MAJOR TRANSPORT MEDIUM: AYBIENT AIR) 

HAZ. NATERIAL 
OR CONSTITUENT 

COWSTIT. 

YECHANI SY 

0 
N 
s 
I 
T 
E 

A 
N 
D 

0 
F 
F 
S 
I 
T 
E 

I 

t 

TRANSPORT PATH 
AND 

ENV. YEOIUY 

= 

Each constituent ray be intrin CI 
toxic, and/or exhibit explosive an 
reactive behavior duo to contact, 
mixing, or vibration/disturbance. 

I 

Roleas. mechanism may be detonation. 
fire. or chaical reaction. Release 
will be enhanced by the initiating 
activity. 1.0.. s o i l  dlsturbance, 
detonation due to shock/vibrrtion. 

YaJor transport path i s  via partlcu- 
late dispersion to ambient air during 
s o i l  excavation. However this can be 
radically altered by a dotonation, 
violent reaction, or fire. 

T 
Major Exposure Yodo: Inhalation 

HUYAN RECEPTORS Other Significant Node: Dermal Abs. 

ONSITE 

OTHER WORKERS 
TRESPASSERS 

REMEDIAL WORKERS Human and Envlronmentai Receptors 
ere based on rite-specific circum. 

---------------_-- 
OFFSITE U s e  of Yost Exposed Person (YEP) 

GENERAL PUBLIC and Population Exposure should be 
considered. , 

ENVIRON. RECEPTORS 

Onsite Flora I% Fauna 
Offsite Flora & Fauna 

(Aquatic Biota) 

Aquatic & Terrestrlai Blota 
(also Avian) are consldorod ---------------- 

--b (Terrestriei Biota.) 
< 

FIGURE 3. EXPOSURE PATHWAY COMPONENT FACTORS 
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SUGGESTED HAZARD RANKING SYSTEM FACTORS 
RANKING USE ----------------- 

PRIORIT IZE BY: 
-funding 

- level  o f  hazard 
- s e n s i t i v i t y  
-feasibility 

A 
/ foc l i s t i n g  on+ \ f u n d i n g ?  H a z e r d / R i s k  

based on l i s t i n g  on+ 
H a z a r d / R i s k  

DEVELOP 
INSTITUTIONAL 

CONSTRAINTS 

I 
I s  the 
Runedy  B a s e  the 
T o t a l  l y  l i s t i n g  on+ Q C o n s t r a i n e d  H a z a r d / R i s k  

YES 

REVIEW 
OPTIONS 

SF = S c a l i n g  F a c t o r  ( N o r m a l i z e  t o  lee) 
I C  - I n s t i t u t i o n a l  C o n s t r a i n t  = 0 o r  1 

SELECT THE 
VIABLE EXPOSURE 

PATHWAYS 

P r o c e e d  t o  only 
v i a b l e  E x p o s u r e  

P a t h w a y  

DEVELOP A 
SITE-SPECIFIC 

HAZARD RANKING 1 SYSTEY 

P r o c e e d  t o  the 
next Y a j o r  
E x p o s u r e  P a t h w a y  

BENZENE 
(NFPA MARKING) 

- 
RELEASE POTENTIAL 

F l a s h  P o i n t  
Ign i ti on temp. 

F i . n m a b i i i t y  
E x p l o s i v e  L i m i t s  

Chem. S t a b i  I i t y  

TRIGGER 
SENSITIVITY 

R e a c t i v i t y  o f  
P o t e n t i a l  M i x e s  

E n v i r o n m e n t a l  
F a t e  6 T r a n s p o r t  

C h a r a c t e r i s t i c s  

P e r s i s t e n c e  
E n i s s i v i t y  
V o l a t i l i t y  

----------------- 

----------------- 

----------------- 

----------------- 

TOXICITY /HAZARD 

T o x i c i t y  

LDSO; LCSO; L D i o  
L C l o ;  SAX 

T o x i c i t y  R a t i n g  

----------------- 

----------------- 
HAZARD PARAYETERS 

OSHA-PEL (TWA/CL) 
AGCIH-TLV(TWA/CL) 

IDLH 
NIOSH REL 

----------------- 
DOT CLASSIFIC. 

DoD UXO CLASSES 

TARGET RECEPTORS 

O n s i t e  P e r s o n n e l  
Remed i a I Workers 

O n s i t e  E c o l o g y  

FACTORS 

N o . o f  Exp. P e o p l e  
P o p u l .  P r o x i m i t y  

S p a t i a l  D i s t r i b .  
D o m o g r a p h i c s  

Y o s t  Exp.  P e r s o n  

1 

L SF J 
FIGURE 4. HRS DECISION MATRIX FOR PROCEDURE DEVELOPMENT 
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HAZARD RANKING SYSTEM ELEMENTS 

LIKELIHOOD 

RELEASE 

. 
PARTICULATES 

~~ 

Rmlmasm M m c h a n l m  

------------------___ 
CONTAINERIZATION 

-------------m_____ 

SO1 L DISTURBANCE 
CATEGORIES BASED ON 

RELEASE POTENTIAL 

--__--_-_____I_____ 

BEHAVIOR I N  Am. A I R  
WIND YOBIL IZATION 

PARTICULATE SETTLING 
PHYSICAL D I  SPLACEMENT 

^---I-----_----_-____ 

CHEMICAL PROPERTIES: 
ADSORPTION ON SOIL  

BIODEGRADATION 

VAPORS & MISTS 

ENHANCED EYISSIONS 
DUE TO S O I L  DISTURB. 
D IFFUSIONIDIWERSION 

BEHAVIOR I N  A m .  A I R  
PHOTOLY S I  S 

-__-__---_L___--___ 

EHEMICAL PROPERTIES: 
NOW-ABSORP. TO SOIL  
RELEASE FROM SOILS 

I 
I 
I 

I VOLATIL ITY  
PARTICLE S I Z E  

PERSISTENCE I N  SOIL  I 
PHOTOLYSIS 

AYBIENT A I R  MIX ING 
YETEOROLOGY 

FIGURE 5A. HAZARD RANKING SYSTEM ELEMENTS 
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HAZARD RANKING SYSTEM ELEMENTS 

HAZARD 
(TOXICITY 1 

CHARACTERIZATION 

SAFETY 

INJURIEWDEATH DUE TO 
FIRE,  EXPLOSIONS, OR 
VIOLENT. CHEY. REACT. 

..................... 
PRODUCT OF COUBUSTION 

GENERATION OF ACUTELY 
TOXIC REACTION PROD. 

DISPERSAL OF ACUTELY 
TOXIC CSY MATERIALS 

DUE TO EXPLOSION/UXO 

TRIGGER SENSIT IV ITY  
OF UXO ( I F  INTACT) 

MIXTURE REACTIVITY 
OF CHEY.. CSY, UXO 

..................... 
GEN. SAFETY HAZARDS 

TOXICITY 

ACUTE CHEY. TOXICITY 
SUB-CHRONIC TOXICITY 

PREVALENCE (ONSITE) 

GENERAL PUBLIC ..................... 
CHRONIC TOXICITY 

CARCINOGENICITY 

HUMAN VULNERABILITY 
EXPOSURE MODE 

FIGURE 58. HAZARD RANKING SYSTEM ELEMENTS 
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HUUAN & ENVIRONYENTAL 
TARGET RECEPTORS 

(TR) 
L 

ONSITE 

I NST I TUTIONAL 
CONSTRAINTS 

(IC) 

REMEDIAL PERSONNEL 

ONSITE WORKERS 

TRESPASSERS ..................... 
TERRESTRIAL & AQUATIC 

fLORA Q FAUNA 

OFFSITE 

OENERAL POPULATION 

SPACIAL D ISTRIBUTION 

MOST EXP. INDIV IDUAL 

SENSIT IVE SUBPOP. 

POPUL. DEUOGRAPHICS 

___-__________-___ 

TERRESTRIAL (L AQUATIC 

FLORA & FAUNA 

ENVIRONYENTAL IUPACTS 

PUBLIC  S E N S I T I V I T Y  

REGULATORY COMPLIANCE 

P O L I T I C A L  CONSTRAINTS 

SOCIAL CONSTRAINTS 

NATIONAL SECURITY 
CONCERNS 

FUTURE USE OF S I T E  

Y LR) * (W * HTC) * (W : TR) * 

(SF 1 

SF = SCALING FACTOR (To normalizm t o  100) 
I C  - INSTITUTIONAL CONSTRAINT = 0 OR 1 

FIGURE X. HAZARD RANKING SYSTEM ELEMENTS 
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